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Purpose
In some countries such as Poland, a national screening program for cervical cancer has not yet been instituted. Most patients are therefore still diagnosed with locally advanced stages of cervical cancer (LACC), and sometimes even with more widespread forms of the disease. Consequently, a proper treatment options for patients with LACC constitute a serious clinical problem.
Historically, the migration of people from Europe to America at the end of 19 th century was linked with an increased incidence of cervical cancer, and this is easily understood when the risk factors for this disease are considered. At that time, cervical cancer therapy was developed. Nowadays, the problem of people migrating to Europe has create the debate about proper treatment for LACC even more critical.
Locally advanced cervical cancer, including stage IB2 on the FIGO (the International Federation of Gynecology and Obstetrics) classification, should be treated with a combination of external irradiation and brachytherapy with concurrent chemotherapy. This strategy is considered the standard treatment for bulky cervical cancer in both Europe and North America. This approach is routinely used in Poland. However, as cervical carcinoma cells can disperse by way of the lymphatic system to either the pelvic or para-aortic nodes, planning the extent of radiation requires precise information about the spread of the disease to the lymph nodes, especially to the para-aortic area. Since the poor prognosis is associated with para-aortic involvement in cervical cancer [1, 2] , it would seem that a treatment strategy consisting of para-aortic lymphadenectomy followed by chemoradiation with an extended field of radiotherapy is linked with the best long-term outcomes. The para-aortic lymph node status in pretreatment staging may be conducted using two kind of basic staging strategies. One is the performance of para-aortic lymphadenectomy and histopathological verifications, and the other is the use of imaging such as positron emission tomography (PET), magnetic resonance imaging (MRI), and computed tomography (CT). Generally, surgery facilitates the pretreatment staging. Due to high number (about 20-50%) of false negative rates generated, the ubiquitous use of CT and NMR remains unsatisfactory in detecting nodal involvement [3] , attracting more attention on PET or surgical staging. Chantalat et al. have pointed out that para-aortic lymph node involvement is more often associated with pelvic node involvement, as approximately 70% of all patients with positive para-aortic lymph nodes also have pelvic lymph node metastases. They compared the long-term survival rates of the patients treated with chemoradiation followed by surgical staging of the para-aortic area and by staging based on PET imaging. They observed better survival outcomes in the group of patients treated surgically [1, 2] , though the difference was not statistically significant. In fact, no randomized trial has validated PET scan as a feasible alternative to surgical pretreatment staging for para-aortic lymph nodes in LACC. Surgical staging is highly specific for detecting lymph node metastases [4] . Furthermore, as various studies have demonstrated, surgery may be usefully applied in treating patients with LACC. In a group of cervical cancer patients with FIGO stage IB2 to IIA2, Dereks et al. observed that the 5-year overall survival (OS) rate as 83%, and the disease-free survival (DFS) rate as 82% when treated with the Wertheim-Okabayashi surgical procedure followed by adjuvant radiotherapy and chemoradiotherapy (50% of cases) [5] . Radical hysterectomy with pelvic lymph node dissection and primary chemoradiotherapy have proven equally effective in treating bulky early stage cervical cancer (stages IB2 to IIA2); therefore, in most oncology centers, the indications for the Wertheim procedure are limited to IB1 cases. Nevertheless, the use of para-aortic lymph node assessment by imaging or surgical staging is helpful in tailoring radiotherapy. When positive para-aortic nodes are found, the radiation field may be extended from the pelvis to the para-aortic area. For our study, we decided to retrospectively analyze those cases of LACC treated surgically followed by chemoradiation, according to the range (extent) of lymphadenectomy. Since para-aortic node involvement is associated with poor survival outcomes [1] (in 17% of cases, the para-aortic area is the place of progression or relapse in cervical cancer), the goal of our study was to examine whether the extent of surgery may influence long-term outcomes. We wanted to investigate whether the value of para-aortic lymphadenectomy was a therapeutic value or simply diagnostic.
Material and methods

Patients
At the Lukaszczyk Oncological Center in Bydgoszcz, we retrospectively evaluated a series of women who had been treated between 2008 and 2013 for cervical carcinoma for LACC, up to and including stage IB2 on the FIGO classification. All of the 75 the women included in our study, usually had undergone a chemoradiotherapy followed by brachytherapy. Fifty-four of them have had radical hysterectomy with lymphadenectomy followed by chemoradiation. Adjuvant chemoradiotherapy had been used for cases with high -risk prognostic factors, including tumor size (> 4 cm), parametrial invasion, and lymph node metastasis. Radiotherapy was performed using whole pelvis external beam radiation (50.4 Gy in 28 fractions) and chemotherapy consisted of a platinum -based regimen administered in four to six cycles. The database of the Kujawsko-Pomorski regional office of the National Health System of Poland provided the data on overall survival rates. Lukaszczyk Oncological Center is a referring oncology center for the Kujawsko-Pomorski region in Poland, which has 2.3 million habitants. We have retrospectively analyzed the 5-year OS rates regarding to various clinical parameters as follows to lymph node involvement, the kind of lymphadenectomy (pelvic, para-aortic, or both) performed, tumor size (> or < 4 cm), histological type, grading, and age of the patients.
Patients who underwent lymphadenectomies had had systemic lymphadenectomies consisting of pelvic lymph nodes dissection (external iliac nodes, internal iliac nodes, common iliac nodes). However, in beginning of 2010, the para-aortic lymph node resections were routinely applied. The para-aortic lymphadenectomy was performed up to the inferior mesenteric artery. The study was approved by the Bioethics Committee of the Collegium Medicum Nicolaus Copernicus University in Bydgoszcz (Table 1) .
Statistical analysis
Data analysis was performed using STATISTICA version 13.0. Characteristics were compared between groups with the Chi-squared test for qualitative, nominal, and dichotomous variables, and the Mann-Whitney U test for quantitative variables. Survival was evaluated using the Kaplan-Meyer method. Groups were compared using log-rank test and a multivariate analysis was conducted using Cox's model. The results were analyzed and the end points such as: death or the last visit in the hospital, which data was available in the medical reports. The differences were considered statistically significant at p < 0.05. The parameters were also expressed as median and range.
Results
Lymph node status analysis
Lymphadenectomy was performed in all the patients operated and included in the study; in 54 patients, both pelvic and para-aortic lymphadenectomies were performed. We removed 1,205 nodes from the pelvic area (range: 1-52), and 232 from the para-aortic area (range: 1-18) ( Table 2) .
Overall survival and disease-free survival analysis
We assessed the 5-year OS rate in each patient, taking into account the following clinical features: lymph node involvement, the kind of lymphadenectomy (pelvic, paraaortic, or both) performed, tumor size (> or < 4 cm), histological type, and grading. Furthermore, using multivariate Cox analysis, we have calculated the predictive value of the appearance of these features and their impact on long-term outcomes. We observed significant differences in OS rates relative to para-aortic lymphadenectomy and presence of lymph node metastases (Table 3) .
We observed significant differences in OS rates relative to the age of the patients in the whole group of patients treated only by chemoradiation and by surgery as well as adjuvant chemoradiation ( Figure 1 ).
Discussion
The histopathological parameters for typing the tumor in the studies on LACC varied. The published ranges according to tumor grade were as follows: G1 in 4% [6] , 10% abdominal radical hysterectomy (ARH), and 7% robotic radical hysterectomy (RRH) [7] of cases; G2 in 70% [6] , 40% ARH [7] , and 42% RRH [7] of cases; G1-G2 in 66% [8] of cases; G3 in 25% [6] , 44% ARH [7] , 42% RRH [7] , and 34% [8] of cases. In our study, we have found grade G1, G2 (both 76%), and G3 in 24% patients. Lymphatic space involvement (LSI) was found in 17% [6] , 31% ARH [7] , 27% RRH [7] , and 34% [8] of cases, whereas in 35% of patients with LACC, we found lymphatic vascular space invasion (LVSI). Typically, LVSI is linked with a greater number of lymph node metastases and is often presented in multivariate Cox analysis as a negative prognostic factor [7, 8] . However, Dereks et al. concluded that the presence of either LVSI or lymph node metastases was not associated with a poor prognosis [5] . In our study, LVSI invasion did not influence OS.
MacDonald et al. presented analysis of 4,559 radical hysterectomy and lymphadenectomy patients. In this group of patients, 18.6% had lymph node metastases. The incidence of lymph node metastases increased in relation to the FIGO stage. For example, the para-aortic area was involved in 0.7% of cases in stage I, but in 5% of cases in stage II [9] . In LACC patients, the incidence of lymph node metastases is significant, and pretreatment staging requires precise information about the involvement of the node area by neoplasm in order to plan the appropriate adjuvant therapy (extent of radiotherapy). In LACC patients, the incidence of para-aortic lymph node metastases ranges from 5% to 33% [10, 11] . In their study, which included patients with LACC in FIGO stage IB2 to IIIB, Del Pino et al. found lymph node metastases in 21.2% of cases. In IB2 (only 12 patients), the authors did not observe para-aortic metastases and in 33% of cases, the pelvic nodes were positive. More advanced FIGO stage disease was related to an increased number of positive para-aortic as well as pelvic nodes. Retrospectively, in patients with stage IIB, 17% had positive pelvic nodes and 25.5% positive para-aortic nodes. Furthermore, in patients with stage IIIB, 33% had positive nodes in the pelvic region and 43.5% in the para-aortic region [12] . Zand et al. prospectively examined patients with LACC [13] ; 22% of them had para-aortic metastases. In other studies, para-aortic lymph node metastases were observed in 11% [4] , 14% [14] , 15% [15] , and 15.8% [16] of LACC patients. Leblanc et al. examined the group of 196 patients derived from two different oncology centers, on whom para-aortic lymphadenectomy had been performed and suggested that in cervical cancer patients, the procedure should be restricted to the lymph nodes located below the IMA (interior mesenteric artery). Only in one case, the lymph node metastases were located in the supra mesenteric area [15] . By contrast, Gil-Moreno et al. have revealed that in 30% of cases, infrarenal positive nodes may be found even among negative inferior mesenteric lymph nodes [17] . The presented results of the lymph node metastasis range revealed that these problems need further investigation, and that adjuvant therapy of LACC patients requires a proper assessment of the para-aortic area, since systemic complete lymphadenectomy in cervical cancer patients enables planning adjuvant therapy. In women with cervical cancer in stages IB and II, the removal of bulky positive nodes during the surgery has a curative potential as well. Morice et al. revealed that the 3-year OS rate in N1 patients was 55%, which was significantly lower than in N0 patients (94%). When the node metastases were located in the pelvis, the 3-year OS rate was 59% in unilateral metastases and 47% in bilateral metastases. However, para-aortic lymph node involvement was associated with a diminished 3-year OS rate in the range of 32%. A prognostic factor in multivariate analysis that influenced OS rate was age (less than 30 years, with tumor size greater than 4 cm, and positive lymph nodes) [18] . Dereks et al. demonstrated that tumor diameters and histology were independent predictors of survival in stage IB2 of cervical cancer [5] . In your study, only para-aortic lymphadenectomy and presence of lymph node metastases influenced the multivariate analysis of OS. Furthermore, they indicated that the number of positive lymph nodes was linked with a worse prognosis [9] . Overall survival significantly decreased the percentage of the number of nodes involved and was the worst when there were more than 10 positive lymph nodes. In most cases, node-positive disease was also associated with a tumor larger than 4 cm. The 5-year OS rate was 39% for patients with positive para-aortic lymph nodes and was significantly better when only the pelvic nodes were involved (OS rate in this group ranges to 67%). Using multivariate analysis, MacDonald et al. have demonstrated that squamous cell histology is linked with better long-term survival than adenocarcinoma histology. While analyzing the common influence for OS histology and lymph node involvement, the authors pointed out converse observations. When lymph nodes are involved, squamous cell histology has a better overall survival rate than adenocarcinoma histology. However, when no lymph node disease is observed, adenocarcinoma histology is linked with a better long-term OS rate [9] . We have not, however, observed the differences in OS rates in relation to histology.
In another study, Cosin et al. presented their 10-year observation on the OS rates of 266 patients with cervi- cal carcinoma who underwent extraperitoneal pelvic and para-aortic lymphadenectomy prior to radiotherapy. The authors pointed out that the resection of bulky nodes increased long-term survival [19] . Moreover, Goff et al. observed the 5-year OS rate in patients without lymph node metastases to be 74% [14] . However, when positive nodes were found, the OS rate was 58% for those with microscopic nodal involvement and 39% for those with macroscopic involvement. Macroscopic involvement was closely related to worse long-term outcomes. Le Blanc et al. presented results showing that the 5-year OS rate for women with metastases in the para-aortic area was 52%.
The number of positive nodes was a significant prognostic variable, and the overall 5-year survival rate was 58.3% [15, 20] . Furthermore, the authors observed that complete surgical removal of positive lymph nodes correlated with a survival advantage. In our own study using the multivariate Cox analysis, we observed the link between para-aortic lymph node removal and better 5-year OS rates. In contrast to the observations presented above, del Pino et al. have suggested that the removal of nodes has no therapeutic benefit [12] . In the group of patients with para-aortic positive nodes, complete removal of nodes was not associated with a higher mortality risk than para-aortic node sampling alone, although the univariate Cox logistic model indicates that lymph node metastases in both the pelvic and para-aortic areas are associated with an increased risk of death. The authors concluded that evaluation of lymph node status in the para-aortic area may provide valuable information about mortality risk in LACC patients. While patients with positive nodes, regardless of their location (pelvic or para-aortic), have worse long-term survival rates than patients without metastases (N0), del Pino et al. have observed no difference in OS and DFS rates between the patients with metastases in the pelvic as opposed to the para-aortic nodes. Overall, the presence of lymph node metastases is a relevant prognostic factor in patient with LACC [12] .
The therapeutic value of complete lymphadenectomy, as presented above, remains controversial. Some authors recommend irradiation when suspicious bulky nodes are found; others recommend extensive node resection, e.g., laterally extended endopelvic resection (LEER), because radiotherapy alone is not reliable for the sterilization of bulky positive nodes. Maurice et al. have pointed out that removing positive lymph nodes from the para-aortic area does not increase the preoperative morbidity in comparison to treatment consisting of radiotherapy and surgery without para-aortic node removal [18] . Similarly, Gaff et al. have demonstrated a survival advantage for women who undergo surgical staging [14] .
In most cases in the presented studies, the lymphadenectomies were performed as an extraperitoneal laparoscopy, but this procedure still involves a certain degree of morbidity. While the range of complication is smaller than for open techniques, para-aortic lymphadenectomies may be linked with the following severe complications: deep vein thrombosis, bowel obstruction, hematoma, and retroperitoneal abscess. These surgical procedures may also evoke distant morbidity, such as urinary incontinences, ureter stenosis, lymphedemas, leg lymphedemas, and vesicovaginal fistula. The authors observed complications in 7.5% of cases. However, none of them delayed curative treatment [15, 20] . Lymphocele is not a severe complication of lymphadenectomy and should only be treated if symptomatic. Asymptomatic lymphocele appears in about 5-6% of lymphadenectomies performed for gynecological malignancy and warrants only observation [21] . Surgical staging in patients with LACC neither influences nor delays adjuvant therapy. The choice of surgery to treat LACC is linked with complications related to radical hysterectomy, not just to lymphadenectomy. Radical hysterectomy-related complications differ depending on the surgical technique involved, such as ARH or RRH, and include: post-operative transfusion ARH 10%, RRH 3% [7] , infections ARH 4%, RRH 2% [7] , ileus ARH 1%, RRH 0% [7] , ureteral fistula ARH 2.5%, RRH 1% [7] , lymphocyst ARH 10.5%, RRH 3.5% [7] , vaginal dehiscence ARH 0.7%, and RRH 3.9% [7] .
Additionally, due to the morbidity associated with the surgical procedure and the frequent incidence of vascular anomalies in the para-aortic area requiring an extensive experience of the gynecologist, some authors have proposed that para-aortic lymph node resection in cervical cancer should be limited to those patients with positive pelvic nodes. However, no increased morbidity related to the surgical procedure was generally observed [6] . Overall, the level of peri-operative morbidity is acceptable, as confirmed in a randomized trial [6] . Furthermore, this would seem to indicate that para-aortic lymphadenectomy can be applied as a routine procedure performed in all cervical cancer cases by all practicing gynecological oncologists.
The range of para-aortic lymphadenectomies is still a matter of debate among gynecological oncologists. The pretreatment staging requires the dissection of para-aortic lymph nodes, but different authors propose various ranges for para-aortic lymphadenectomies. Staging is essential to plan the extent of the radiotherapy. Most surgeons established the necessity of removing the lymph nodes from the infra mesenteric area, but more extensive lymphadenectomies up to the ovarian vessel or left renal vein were also proposed. Outlander in meta-analysis revealed para-aortic metastases in 1% of cases and only 0.25% located above the IMA. Para-aortic lymph node metastases are rare in the superior mesenteric area, in the absence of positive nodes below the IMA. Applying this therapeutic strategy, in our study, we routinely performed the para-aortic lymphadenectomy up to the IMA. The different authors presented different necessary ranges for para-aortic and pelvic lymphadenectomies. The median numbers of harvested pelvic nodes were 19 [6] , 29 [18] , and 20 [9] ; the median numbers of harvested para-aortic nodes were 17 [6] , 22 [15, 20] , and 28.5 [16] . In our group of patents, the median numbers of harvested pelvic nodes were 23 and para-aortic was 13.
The sensitivity of CT and MRI in diagnosing lymph node metastases is in the range of 60%. Lymphadenectomy appears to be an appropriate staging procedure with prognostic value. However, when more advanced imag-ing techniques are used, only the MRI results of pretreatment staging are superior. Lee et al. compared two therapeutic strategies applied in patients with cervical cancer in FIGO stage IB. The first was radical surgery as the primary procedure (followed by chemoradiation); the second was chemoradiation alone with the therapeutic schema based on MRI. This was followed later by an analysis of risk factors, and then the choice between primary surgery or chemoradiation (radiotherapy combined with chemotherapy RCTX, extended to encompass the para-aortic region). This strategy of risk factor analysis was more cost-effective than either primary surgery or primary chemoradiation [22, 23] . Although the best results are obtained when PET or CT scan substitutes for surgical staging, the final results of imaging are not yet satisfactory for formulating a proper management plan, especially when it comes to determining the radiation field. Vadeperre et al. demonstrated (analyzing 336 patients with LACC in FIGO stages IB2-IVA) that surgical staging in patients with negative radiologic staging, without any obvious features of metastases in PET or CT imaging, revealed metastases in 8% of cases. Additionally, surgical staging has a positive effect on overall survival rates in these patients (negative in imaging, but still positive in surgery) [24] . Furthermore, Zand et al. prospectively examined patients with LACC (IB2-IVA) diagnosed through biopsy, and later treated by radiotherapy and concurrent chemotherapy, without any symptoms of lymph node metastases in CT or NMR imaging. All of them underwent PET or CT and laparoscopic para-aortic lymphadenectomy. 22% of the patients had PA metastases. The radiology imaging correlates to surgical staging. Only one patient had metastases not revealed in PET or CT scan (2%) [13] . Contrary to this opinion, Yildirim et al. have suggested that PET or CT does enable diagnosing lymph node metastases in the para-aortic area and is an effective imaging technique in LACC. The specificity and sensitivity of PET or CT scans to evaluate the lymph node area for detecting metastatic localization in LACC patients ranges from 50% to 92%, and from 57% to 100%, respectively [25] . Lee et al. have suggested that surgical staging of para-aortic nodes are cost-effective methods, while a PET or CT scan does not reveal the presence of lymph node metastases in LACC patients. In 10% of cases, the para-aortic nodes are involved, even though the PET or CT scan is negative [22, 26] .
New studies are needed to determine the clinical impact of para-aortic node micrometastases in patients with locally advanced cervical cancer. At the moment, it can be stated that the randomized trial focused to determine whether pre-therapeutic laparoscopic surgical staging followed by tailored chemoradiation impacts survival more than PET or CT radiologic staging alone followed by chemoradiation [27] . Because elderly women with cervical cancer are treated not as radically as younger patients, there is a need to focus the researches on this group. The differences in the therapy depends of the age, starting from 50 years old's (lesser amount of surgery, followed by adjuvant radiation, or brachytherapy) [28] . Older women with post-operative risk factors receiving RT alone experienced similar survival as those undergoing CRT (chemoradiotherapy) [29] . Chopra et al. observed that the patients aged over 70 years had a significantly poor DFS at 5 years; however, did not have any effect on survival [30] . In our study, we have found better survival rates in patients older than 62 years.
Conclusions
Overall, para-aortic lymphadenectomy seems to have a positive influence on long-term outcomes in LACC patients. In such patients, radical surgery is still a treatment option comparable to radical chemoradiation. We have found that elderly patients may benefit more from the applied therapy.
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